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Charging a car is easy, RIGHT?

ONE DOES NOT SIMPLY
\ .

https://insideevs.com/news/388501/electrify-america-discusses-network-problems/
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https://insideevs.com/news/388501/electrify-america-discusses-network-problems/

That is how “easy” charging really is
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g IEEE 2030.5 e DSO
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https://www.emobilitysimplified.com/2020/08/ev-roaming-protocol-differences-OCPI-OICP-OCHP-eMIP.html

Connector designs listed in IEC 62196-2 and -3

[ ] Power 3 : .
Connecting car & charger = s oo o "
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‘ (2)(s)
A) CP/PP/1kHz PWM/V ©0 ® Type 2 (GBIT 20234.2)
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EVerest -y IT, FR; now deprecated
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B) DC 400/800V, 0-1000A \ /
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= each: Unidirectional / Bidirectional
= Metering: V/A/f, German metering law, .. EU > ELASN NS
= Electrical Safety (RCD) R ‘ EVerest
https://en.wikipedia.org/wiki/Charging_station



https://en.wikipedia.org/wiki/Charging_station

Connecting charger to cloud

2z OCPI, OCHP, .....

Roaming +
Different Networks

Protocols

>> 150 dialects

A) OCPP 1.2 /1.6 / 2.0.1

I B) IEC63110

I'C) MQTT & OTHERS ;-)

| XML/ JSON

I Web Sockefts

: / HTTPS

Control unit {_—_

EVerest

VPN / Sim+private APN

original since 201

Plug & Charge will be here in 2 years™
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Rollout of complex distributed PKI

Power path/
electronics
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i leat certificate o S
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Corthoas: Vehicle oo Private Env. Wallbox

Sales Tariff

https://link.springer.com/article/10.1007/s00450-017-0342-y
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https://link.springer.com/article/10.1007/s00450-017-0342-y

Connecting to local energy management

9%% _____ Display — — — RFID
_—— — A) Ethernet
Sl = B) Rs232/485 PHY
2 C) ...
R rorpat T 2 A) MODBUS (std from the 80s)
_— - % B) SunSpec Protocols

[ [ C) EEBus
I I D-Z) TOO MUCH CUSTOM STUFF
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Balancing with the electric grid

Display I RFID
o [
—_— 2% A) Radio teleswitch
Fovsr paily B) Smart Meter PHY
—_—— % C) ...
E ! A) USEF
[ [ B) ADR Protocols
: : C-Z) more
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It's a bit of a mess! And it is even growing

No De-facto SW stack!

Too many links
Too many standards
Too many Dialects

95%% ————— Pispiay — — — REID Ever growing

s 4t

EVerest High fault-rate, poor UX
Expensive & slow development
Complex mechanisms to
proliferate innovations

— = = % e Market fragmentation

:O:
[ )

[@II

é _____ Power path/
electronics

I I Customers and industry suffering

< EVerest




We cannot fix this by adding more standards...

HOW STANDARDS PROUFERATE:
(66 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

17! RiDIcVLoUVS! SOON:
WE NEED To DEVELOP
, ONE UNIVERSAL STANDARD .
SITUATION: || a7 covERs EveRYongs | | OITUATION:
THERE ARE USE CPSES. e THERE. ARE

4 COMPETING |5 COMPETING

\
STANDARDS. ?Ci %) STANDARDS.

EVerest provides a standard compliant open source implementation that
serves as a defacto standard.

hifps://xkcd.com/927 - XKCD Comics licensed under a_.CC-by-NC.



https://xkcd.com/927
https://creativecommons.org/licenses/by-nc/2.5/

ZAN ¥ OPERATORFABRIC LF Energy

Current
Projects

Capacity Mapping Flexibility Trading
Digital Twins Project N... aue vk Fut
o @ GRID CAPACITY MAP Q& SHAPESHIFTER LF Enuerregy
ézr;'lzat‘;" . State Estimation " Projects
9 Network Security and Power System Short-term forecasting Capacity, Ancillary Energy Services

Assessment and . TILFENERG :
N Network Model Calculation * aLe _— Service, and Outage LFENERGY
Optimization Optimization Block SYBL »@fOpenST:F Plorming 3 Blox

Congestion Management and NMEC and Market Clearing & Settlement

Power Flow Optimization Power Syste 5 g“g’éﬁb Avoided e
Automation RV GreenData Hub
Architecture Energy Use (logo to follow)

Core Business Supporting Services

CEIEHEREEIETE Configuration & Validation Tools

loT Platform FABRIC Data Storage
(SCADA, PMU, Edge, 61850 >
. Sensor) Substation Configuration 'E
Dota & Network SO Data =
Services Security 0
(9]

Coordination Exchange Alarm Management

Core Business API (standard interface for accessing and storing the data)

Supporting Platforms REAL TIME Event Orchestration Layer (Kafka, MQTT, ONAP? etc) [analysis]

Data and Services Platforms - Baikal (OSDU), FIWARE, TimeScale Db, DataBricks,
homemade

LILFENERGY

Edge & Distributed Intelligence Substation Automation and

Multiprotocol Gateway EV Gateway Virbualati
irtualization

TILFENERGY
‘ Eve rest D CILFENERGY Demand EILFENERGY DC
Infrastructure - Qo LEADR [=siss Microgrid
Constrained Device Edge Smart Device Edge On-Prem Data Edge Operator Network Edge Regional Network Edge



https://cimug.ucaiug.org/NMM%20Documents/Forms/AllItems.aspx
https://vasters.com/blog/From-MQTT-to-AMQP-and-back/
https://drive.google.com/file/d/1xTDZFsKodqsB2OBhrN87IfaLU1Zg2vR3/view
https://lest.fe.uni-lj.si/projects/bd4nrg-big-data-for-next-generation-energy/
http://missing
https://eepublicdownloads.entsoe.eu/clean-documents/EDI/Library/HRM/Harmonised_Role_Model_2020-01.pdf
https://eepublicdownloads.entsoe.eu/clean-documents/EDI/Library/HRM/Harmonised_Role_Model_2020-01.pdf
https://www.entsoe.eu/digital/cim/role-models/

EVerest is an open source charger SW for a broad community

Universities & Research Institutions

"On the shoulders of giants":

Leverage deep access to broad industrial

solutions and help to bring state of the art Charger OEMs r-
to the next level Adopting EVerest into HW products i

and providing feedback from the field IEI-

P I O N I x ® RWTH 9 THU ¢ | Fraunhofer ISE

Bootstrapping and coordinating the

project, filling gaps, supporting HEY--HARGE

commercial vendors with added services CILFENERGY _ FUTECH;
EVerest = rwom

Linux Foundation Energy governs EVerest Projekt “Donut”
Largest open source organization worldwide, non-profit
Forum to align interests, quality assurance, networking.

marketing, politic, efc. \

Custom Charging Solutions
Customize 3rd party HW and
creating special appliances

Component Suppliers
Compatibility testing and HW
abstraction / driver support

i)

Private Enthusiasts /
F]D:DWE@ O Cha rgebyte Maker / Hacker m
SR, o

. Testing. compatibility, features
% TEXAS INSTRUMENTS contributions, security testing ~———>

Grid & Co.
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What is
EVerest?
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EVerest is a complete operating system
for EV chargers

Provides all functionality needed from smart home chargers to
commercial fast chargers

Runs on finy embedded linux

Aims to support as many different HW platforms as possible
Commercial friendly open source (Apache 2.0 licensed)
Don’t reinvent the wheel: Use EVerest as common base layer
and add some unique features of your product on top!

hitps://githubb.com/EVerest
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https://github.com/EVerest

EVerest framework: Modular architecture

Module A

Interface 1: Charger -

Commands:

Variables:

call commands (with return value)

set_max_current(float
ampere);

float energy_charged;

Modules are individual Linux processes, can
be loaded multiple times

Modules expose (multiple) interfaces on
MQTT

Config file to connect module
requirements/interfaces

Can run on different computers / can spread
over multiple chargers!

Framework starts/stops/restarts modules

Module B

Communication via MQTT broker,
transparent to modules

Loose coupling: A does not know B, B does not
know A

Framework manages synchronous RPC,
argument type safety, dependency checking
Additional services: Logging. configuration
management, code auto generation, ...

15



Module config file

EVerest modules
overview

e JSON config file which
modules to
load/connections
represent HW

e E.g.if your wallbox does
not support RFID, simply
do not load the module

e Ifit has 2 charging
connectors, load the
charging core modules
twice

e indevelopment: web
interface to graphically
edit module connections

https://lucid.app/lucidchart/5364a561-1881-414a-a33a-7ba29425a140/edit?page=0_0# <> CILFENERGY
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https://lucid.app/lucidchart/5364a561-1881-414a-a33a-7ba29425a140/edit?page=0_0#

Graphical Setup Webinterface

< EVerest

https://voutu.be/xZQtN8vXMlk



http://www.youtube.com/watch?v=xZQtN8vXMIk&t=30
https://youtu.be/xZQtN8vXMIk

Charging core

EVSE: central charging
module that controls CP
signal and manages
IEC61851 and 1SO15118
interaction, charging
session, ...

ISO15118 protocol module
ISO15118 support is under
development with
RISE-V2G, aiming for a
complete rewrite including
ISO15118-20 and DIN SPEC

Charging core

EvseManager

1S0 15118-2 V2G

cmds:

s unlock_connector(connectar_id)

= get_canfiguration{ NumberOfCannectars, MaxEnergyQOninvalidid,
ConnectorPhaseRotation)

«imit_energy/pover()

vars:

session independent
«cannectar status (disabled ...)
+ beginiend_session (session id)

per session: {should the session id be sent every time?)

«measurands (power, energy. current, ipm ...
«slarl’stop_charging

fuots, IS Interace YT be offered by Mare Man ane Nstance of EVSEManagsr

schedule User optimization
cmds: targets go lo evse
. manager and from there
vars: (0 energymanager.
Targets might be
energy_schedule object different for each evse!

The EVSE Manager implements the

charging process

1.collects all data that belongs to the:
current charging session

2.accepts commands on that session

cmds:

setupicontrol:

* selupievseid, receipl_required, ... )
- set_evse natification()

ac relaled:

= ac_set_max_current()

» ac_set_red()

«ac set nominal voltage()

dc related:
+ dc_set_evse energy to_be delivered()
.

vars:
per V2G session: {should the session id be sent
every tme?)

« starl/stoplpause_charging

» dc_update( object { evse_status, ...} )
»ac_update( object { e_amount, ev_max_voltage ..

.'l

session independent
- begin'end_v2g_session (session id)

App connecles lo evse!

Auth token provider (For PnC)

cmds:
+get_auth_token{)

vars:
= valid_auth_available




Charging Station Hardware Abstraction Layer

e Simpleinterface to | Charging Station l
- HAL
be easily portable |
e Supports Pionix G O

« selup (threePhases, hasVeniilation, country cade, ihreePhases
vars: i_enabled) hasesActive
+ object(tmestamp,

. ableldisable ventilation
energy Wh_import
dev kit for now
2/ v
. (tot 2113), « forceUnlock{) «cpHi cplo * stale (UNMATCHED, MATCHING,
. voltage_V.L11L2/L3, « supply 12V, -12V MATCHED ., only for debug)
I W current A.LLIL2L3IN, Events (Vars):

«isPowerOn
frequency_Hz.LLIL2(L3) * CarPhiggedin, » redCurrent
« siring meter_id - CarRequestedPouser,

hardware requires s || Sed

~ bool phase_seq_error

Yati Driver

RFID Reader

‘Auth token provider

cmds:

» selupfobject { evseid, sid, nmk .. }) «get_auth_token()
«reset()
+terminate()

vars:
+ pause() - valid_auth_available

- switchThreePhasesWhileCharging() pomiR
+setPwm (ONDUtyCycie, Of, Erfor_F) « simplificatiode Eventsjvars:
+ alloviPoverOn{liuealse) + redReclosingAlloved + dlink_ready {link  no link)

simulation control TopissL
« CarRequestedStopPower,

+ CarUnplugged, cmds:
d r. ers fo r' - Error_f, « enableSim(tnueftalse) :
I v ~Error DF, - setSimData(cpValtage, A
: «Error_Relass, PppRes, DF, erorE, 3

. « Error_RCD, rEdCunenl PLCMAC
+ Enror VentfationNotAvaitable «
o signa , e

Relais, RCD, Power ,
meter, SLAC (if E— . ,

different from e \
Fuscog.16A | - N E [ Compute module ] [ PLC modem ] [ RFID Reader ]
QCA7000 ) ) I }_{ ar d ware IRlspeny Piafcma ' ‘chons GlienPHV I [ PN532 NFC/RFID reader ] ‘
NFC/RFID reader | L

Pionix Hi Lovel HW.
UART ) Protobul

Y Y
Pionix Yeti HW. car
[ AC Pawer Path ] Internal Gharger
Relais, RCD, Control Pilot Controller, Power meter I 11/22 KW Internal charger
J
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Backend connectivity

e Communication with the cloud for
payment and management

e OCPP16JSON

e Try fo make it standard compliant

e Verify with as many commercial
backends as possible

e Support for optional profiles such
as Smart Charging

Cloud connectivity

¥

~\

ocep

Ul control interface

cmds:

vars:
» connection staws etc.

Auth token validator

cmds:

- validate_token{token) (returns validfinvalid)

4

TCPISSL

v

OCPP Backend

o
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Energy Management

FUSE 40A

EnergyNode

EnergyNode

METER

e  Modules reflect the in-house grid

e  Optimizer find optimal (forecast) schedule
for all cars, respects all limits in the tree

e Energy management runs on one Charger,
other EVSE modules are remote

e Requires knowledge of SoC/energy
required by car (ISO15118)

e  Gets more interesting with bidirectional
support

e Under heavy development right now

FUSE 16A

EnergyNode

EVSE 16A

FUSE 32A

mmmmmmm

EVSE 16A

forecast

EVSE 16A

o

Wyly Iy Iy

Needs to
leave asap

Needs to leave
7am, preferes
lowest price

Long time parking,
charges only with
excess
solar energy

Already fully
charged

Unused

CILFENERGY
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Local display app

e Based on flutter

® Runs locally on charger's
display using flutter-pi

e Ongoing development

0
". : '. . e
esla Ly $
v =10 Solar  Cheapest
) h
Range 312km %

OLF

<™ Elerest

STATUS

CURRENT SESSION

Energy 140 kWh
Duration 00:07Z:35h
Online Wl  14,09.2022 12:48:33

40,5 kWh 12,406 0% mm% Charge Power Limit
_O
05KW  Saved30€ oo e m -
_O

o
15:00 2030 > CILFENERGY
Mockup Roadmap ‘ Eve re St




Software in the loop simulation

e Simulation for complete HAL

e Car simulator module that simulates everything
a car can do on I[EC61851

e You can run EVerest on your laptop and charge
simulated cars with it

e ISOISN8 SIL

id_token ~ ABC12345 - PAUSE RESUME PAUSE RESUME
R e vider Max Current 16.0 Max Current 12.0

prevalidated

10.5kW — '\2.7 kW

Temperature: 56 ~ Temperature: 33
65 75 85 | 20 65 75 85

CAR PLUGIN CAR UNPLUG CAR PLUGIN CAR UNPLUG
Simulation enable (HIL) @ Simulation enable (HIL) @

Simulation ~ AC 3ph 16A i Simulation ~ AC 1ph 32A
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Engineering toolset

Node-RED Dashboard

Solar Energy Management

Home Charger Control

Build systems
B |d VM R Maximum Current 16.00000  MaxCurrent ’ START SOLAR ENERGY MANAGEMENT
® Ul - -
Simulation
¢ NodefED =

B3 Solar Manager Settings
Idle PAUSE CHARGING Solar Manager State

¢ Debug
RESUME CHARGING RESET SOLAR ENERGY MANAGEMENT

e —— e =oangpnn ——
— ; e — 0 kW
| e i g —— ] —u- 5 T :
s = ARRRERARAL Switch optimizer Selectoption  ~
EN, |t — i st st | spmeifionedisy » Temperature: 37 o 75 s
ISR it | e p—— TR Price limit (EUR / kWh)

:-mi.m W connectea

s — T — i ! .

| — g

0 (TR e )

T o SE—

}T PauseButton ” léxtemallcmdlbause_chargringr
— O -

suen P CILFENERGY
- ‘ >I€j ResumeButton -—. !:nfmaNl/cmdhésume_ohamingj <> Eve rest

@ connected
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How to get involved

e GitHub https://github.com/EVerest

e Weekly Dev Sync - Tuesday's 10:00 CEST/CET

e Technical Steering Committee meeting for EVerest
Monthly, every 4th thursday
Next: 22nd. September - 17:00 CEST

e  Mailing list everest@lists Ifenergy.org
https://lists.Ifenergy.org/g/everest

e Slack
https://join.slack.com/t/Ifenergy/shared_invite/zt-f9z7c305-SYbhNb2
ftXJ~8iGd_apwWQ



https://github.com/EVerest
mailto:everest@lists.lfenergy.org
https://lists.lfenergy.org/g/everest
https://join.slack.com/t/lfenergy/shared_invite/zt-f9z7c305-SYbhNb2ffXJ~8jGd_gpwWQ
https://join.slack.com/t/lfenergy/shared_invite/zt-f9z7c305-SYbhNb2ffXJ~8jGd_gpwWQ

Get in contact and contribute to EVerest

Join us along our journey to unify
the EV charging ecosystem with
open source.

GitHub On the Linux Foundation Mailing list

. i . i ; https://join.slack.com/t/Ifenergy/shared_invite/
https//github.com/EVerest  https//www.Ifenergy.org/project — everest@listsifenergy.org —HReslnsacienn emean suaed-

s/everest/

]
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https://github.com/EVerest
https://www.lfenergy.org/projects/everest/
https://www.lfenergy.org/projects/everest/
mailto:everest@lists.lfenergy.org
https://join.slack.com/t/lfenergy/shared_invite/zt-f9z7c305-SYbhNb2ffXJ~8jGd_gpwWQ
https://join.slack.com/t/lfenergy/shared_invite/zt-f9z7c305-SYbhNb2ffXJ~8jGd_gpwWQ
mailto:kai-uwe.hermann@pionix.de
mailto:piet.goempel@pionix.de

Discussion
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EVerest Roadmap

SW release: new features:

e AC [EC6I8SI e [SOI5118-20

e SLAC/AC ISQIS18-2 (bi directional AC/DC)

e OCPP 1.6J with all extensions e Android/iOS app

e display app controls all features e advanced energy management

e price driven charging

e solar optimizer /

local PV support
beta quality: (modbus/sunspec)
e AC IEC6I85] e OTA updates
e SLAC/basic AC ISO15118-2 new features: new features:
e OCPP 1.6J with RFID auth e DC charging (DIN and ISO) e OCPP201
e simple display e Plug & Charge e EEBus
e price driven charging e support for German e predictive mainfenance cloud
Eichrecht powermeters e energy & flexibility trading
e |ocal credit card payments e USEF/ADR
>
now summer 22 EQY 22 summer 23 EQY 23
and beyond

o ' CILFENERGY
..pprioritization pending community priorities.. <> EVerest



